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SHORTER ARTICLES AND DISCUSSION 

MODIFICATIONS OF THE 9:3:3:1 RATIO 

A. Chemical Experiments Paralleling the Several Possible 

Modifications op the Mendelian F 2 Di-hybrid Pheno- 

typic Non-blending Ratio 9:3:3:1 

The foundation F 2 di-hybrid ratio 9:3:3:1 consists of 9 in- 
dividuals having somatic traits both "A" and "B," 3 individ- 
uals having "A" only, 3 having "B" only, and 1 having neither 
-< A" nor "B." Or, if each allelomorphic pair consists, not in a 
gene and its absence, but in genie entities contrasted in quality 
or quantity and showing clean-cut dominance and recessiveness, 
in 9 "A" and "B" both dominant; 3 "A" dominant, "b" re- 
cessive; 3 "a" recessive, "B" dominant; 1 "a" and "b" both 
recessive. This di-hybrid ratio was one of the early discoveries 
of Mendel 1 himself, but after the revival of genetical studies in 
1900 experimental breeding had not continued long before modi- 
fications of this i^atio became apparent. Thus Bateson 2 men- 
tions a number of cases in which the 9:3:4 F 2 ratio is found. 
It is apparent in such cases that two unit trait-pairs are in- 
volved, that the dominant phase of one of them standing without 
that of the other in 3 individual F 2 somas is not to all patent as- 
pects different from the 1 individual possessing the dominant phase 
of neither of the two trait-pairs involved. In the gametes of in- 
dividuals of families that produce the 9:3:4 ratio the segrega- 
tion and recombination of genes are, however, just as clean-cut 
and follow the same rule as in pedigrees giving the unmodified 
foundation ratio 9:3:3:1; only the somatic working out of the 
genes is different in the two ratios. 

Barring blending, linkage, crossing-over, non-disjunction, sex- 
limited inheritance and other special phenomena, which limita- 
tions preserve intact the numerical entities 9, 3, 3, and 1, the 

i Mendel, G., "Experiments in Plant Hybridization" (reprinted in Eng- 
lish in Bateson 'g "Mendel's Principles of Heredity," pp. 334-379), p. 
351, 1866. 

2 Bateson, W., "Mendel's Principles of Heredity," p. 80, 1913. 
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Experiment f/lustrative of Black Skin-Phgfnent Inheritance : . 

Substratum tcx 9 ncc.cfetxrwa.tfir >in ftac/i t of the *c xygpte tube$. 



5f 



HUMAN SKIN-COLOR 
IN WHITE.-NM.GRO 

cmossms.— 

CUMULATIVE. V 6 ^ 1 



f^X Main Gametes 



A*. 



* Black 




/njlameCZ~iu.bes-:- 

Gene A^ *.cc. of 'solution of '/cjc/nd/a Ink and m.s clear water. 

<x*4.cc. of solution of lcc.lndio.lnk and 180/ c.c. clear watey. 
Gene B = 4-c.c. of solution of icclndtalnk and 99cc clear water. 

& =-*cc of solution of tcctndiafnk and s+o.s c.c. clear water. 



following table presents 


in orderly fashion all of their possi 


ratio-recombinations •. 








Series A 


Case 


I. 


9:3:3:1. 


Case 


II. 


9:3:4. 


Case 


III. 


9:6:1. 


Case 


IV. 


9:7. 


Case 


V. 


10 : 3 : 3. 


Case 


VI. 


10 : 6. 


Case 


VII. 


12:3:1. 


Case VIII. 


12:4. 


Case 


IX. 


13:3. 


Case 


X. 


15:1. 



Nos. 618-619] SHORTER ARTICLES AND DISCUSSION 355 



Case 

x 



FlFema/e Gametes 



XXAB XXJK-e. XXO.M XX.Ot.-e. 



(t'd J (***) \ Red ) \ H " d ) 

AABB AAB4- ACIBB AO.BA 

( R"> J Ufe/wJ ( Red J Ufe/SWj 

AAB& AA-S-e- AtlB-6. AQ.S.&. 

(ned J ( /?e</J (siu*\ (b/uc\ 

aobb A.a.Be aetBB aa.B-e- 

I fled J [yellow\ (Blue ) foAMkaj 

Aaja-e. A.a.&£- aaB4- ua.&e. 



FgZyjtptes-.Phenatypic Ratio a:s-.aix 



///ustrative Experiment:- : 

Su\batr<*tu.m XX = Water (Cofor/oss). 
Gene fl= JJIIute oj«e«us solution of Fo Cl 3 * H CI (yel/orrj. 
Gene 3= ^ueoys solution of //imus (BIma&Jm 



The chemical experiments described in the accompanying fig- 
ures parallel chemically what must happen to the F x genes in 
their development into traits in the F 2 somas in each case of a 
modified somatic di-hybrid ratio. Each drawing represents a 
2-inch wooden block 7-f inches sqtmre, with twenty-four f-inch 
holes, 1^ inches deep, suitable for holding test-tubes. The four 
holes at the top hold test-tubes containing chemicals representing 
the four types of F x female gametes possible when di-hybridism 
is being considered ; the four to the left perform the same service 
for the four male gametes. The sixteen holes blocked off in the 
square hold test-tubes for the sixteen types of zygotes resulting, 
by the checker-board method, from all possible unions of the 
four male and the four female gametes. X X represent the sub- 
stratum or the sum-total of hereditary qualities other than the 
traits under consideration. The lettering under each test-tube 
circle is the genetic formula for the gamete, or zygote as the 
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Case 
2L 



Fi Female Gametes 



X.7CAB XXA& XJCCLB XXa£. 



f Red \ 


[Red \ 


[ Red J 


R 


AABB 


AAB& 


AO.BB 


AO.B-A 


( Red j 


(B/uej 


1 Red j 


(slue J 


AAB-e- 


AA-e-e- 


AO.B& 


Aae-e- 


( Red\ 





\Co/or/ess] 


\Cofar/essl 


aubb 


AO.Be- 


aaBB 


aaB-e. 


(n*d\ 


{B/ue j 


\CahrfesA 


iColorlesA 


AO.B6- 


Aa«* 


O.CLB& 


««*<■ 



^« Zyrgptes-Phenotypic Ratio a^x:-*- 



Illustrative Experiment:- 

Su.l*tnt*i m =.a=V.&r fc„/.,-fc ls J. 
EcneJ& = BHutv H CI CC»/oWe--ssiJ. 



case may be. A word within a test-tube circle names the color 
of the reaction-product, which color is the index or analog of the 
somatic working out of its accompanying genetic formula of the 
soma. 

instructions for performing the experiment illustrative of 
each ratio-modification are found in detail in the drawing for 
the selected case. The chemicals representing gene "A" and 
gene "B" and the substratum are, as indicated, poured into the 
test-tubes representing the F x female and the F x male gametes. 
Each gamete-holding test-tube should contain approximately 20 
c.c. of the appropriate genes and substratum. Of this mixture 
4 c.c. represent 1 gamete ; and 1 such gamete is to be poured into 
each one of the 4 zygote-holcling test-tubes, directly below or 
directly to the right, as the case may be, of particular gamete- 
holding test-tube, following the checker-board method. Thus 
each of the 16 zygote test-tubes will contain chemicals appro- 
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Case 
m 



F± Female Gametes 



xxab JfXfl* xxojb xxae- 



o 


n 


CI 

10 


X 
X 


<s 


SI 


JO 


s 


*o 


»4 
(J 

X 
X 



UW/oM-j (_>te//W) 



A ASS 



AAB& 



ACLBB AUBfr 



LVb//o>»J (VA/iej (jfe//ov) 

AAB& 



M-*<- AOLR-e- 






/>»//«*■) (yeltow\ [WhiU 



ACCBB 



AaB-e- aaBB 






actB-e- 



AaB-e. Aaee- actB-e- a.a.-6-e- 



F& Zygotes -.Phencijt pic Ratio a-s-.x 



Illustrative Experiment:- 

Gens J{=/lyu.eaws ^o/UCion HI c/ou<fe</ m*/£6 phte-no/phtha/cirt to match 

"Gene B (iVh/tl). 
Gene g= ^9«co«s notation of Ph (C z HaOz}* (hfhitts}. 



priately representing 1 F-l male and 1 F-l female gamete free, 
like the constituents of a united sperm and egg, to interact in 
the zygote and in subsequent ontogenesis. 

Some of these ratios, such as exist in Cases Nos. V, VI and 
IX, are much more difficult chemically to contrive than others, 
such as Nos. I, II, III, IV and X. It is not surprising, then, 
that nature provides more readily eases in inheritance repre- 
senting the latter ratios, while the former are being found only 
by the most diligent genetical study. Not all of these ratios 
have yet been found in nature by experimental breeding, but, 
from time to time, a geneticist reports the discovery of a new 
di-hybrid F 2 ratio which proves to be a member of this series. 
Doubtless all of them will be found in time, but without intro- 
ducing the special phenomena earlier referred to, Series A, con- 
sisting of 10 cases, exhausts the possibilities of F, phenotypic di- 
hybrid ratios. 
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Ca.se 

jst 



Ft Ferna-ie Gametes 




AA-e-4- 



tcxjm xjca* xxaB xxa* 



\y.//nv) (\fa//oiv\ Ly«//o^) pfeAW) 

aabb Mfi« /»a»e »a>B<e 



AUB6- Aa.4-4. 



\ Whit* ) (mii'U) 

acibb Atza-e. a a »B clclbs- 



[ye//otv\ ( WhtU ) ( Mute ) [IVMt* 

AQBS- Aa-e-s- uame- a.a.#-e. 



FgZgg&t&s: Phenqtypic Ratio 9:7 



///ustrntive Experiment:- 



J5u6*Zra£um xx = /*ferc*- c/ou4/e<y m"'£4 phenojphthajein to match "Gene B"CWh*tc). 

Gtzrtc /f =, /falcons: sa/uf/an «y >CZ c/ourferf M^C/f phcnolahthoj^jn Co match 

Gcn*.-&= ^"^"so'ui;™ «/" />£ C C *Ma&z)* <*/'£f/>t/y c/uu/ei/ *v/£A f,h*n<*!~ 
phthotetn (tv/titc). r 



B. A Chemical Experiment Paralleling a Modification op 
the Mendelian F 2 Di-hybrid Phenotypic Ratio 1:2:1:- 

2:4:2:1:2:1 INVOLVING SOMATIC BLENDING AND GrENIC 

Segregation in the F 1 Generation 

The ten eases described in the Series A are non-blending, in 
which the entities 9, 3, 3, and 1 are kept intact, that is, they are 
simply recombined. The mono-hybrid ratio on which they are 
based is the normal dominant-recessive 3 : 1 relation. The typical 
blending ratio in the F 2 mono-hybrid is 1:2:1. Carrying this 
latter ratio into the di-hybrid classification in the same manner 
as the 3 : 1 ratio was carried into the 9:3:3:1 classification 
gives us the following : 1:2:1:2:4:2:1:2:1, a total of sixteen 
individuals divided into 9 classes. 

In Davenport's 3 study on the "Inheritance of Skin-Color in 

3 Davenport, C. B., "Skin-Color in Negro-White Crosses," Pub. 188 Car. 
Inst. Wash., 1913. 
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Case 



Fj Female Gametes 



yCTCAB JCKA* X.XOB xxa« 



(Co/op/ess) iCo/or/ess [Cofor/eak \Co*wte5S\ 





AABB AA86- AO.BB AO.B& 



AAS-S- 



AO.Be- 



©[Co/orfess, 



AOBB 




Aae-e- 



Aa.Be- ACt&e- aa.Be- aae-e- 



F% Zygotes: Phsnotypic Ratio io.-3.-3 



l/lustratire Experiment:— 

SuAstr-atum x.x. =■ Watts-** <j£?«/o»»/essi. 

Gttnn 3SF= /}yu>ea*^ sotiCior* H z C* O* *■ a H z O * /e**' *Jrt>/>z. of Co. C/ 2 
solution fiV/titeJ. 



Negro-White Crosses" he found that the amount of black skin- 
pigment in an individual is determined by two genes in .each 
parental gamete, and in measuring the intensity of black skin- 
pigment in the members of a great many highly hybridized 
families he found 5 definite maxima in the curve plotting the 
distribution of individuals according to the per cent, of black 
skin-pigment carried. Theoretically (unless genes "A" and 
"B" are exactly equally potent in developing into a definite 
per cent, of blackness showing in the unweathered skin) there 
should have been 9 maxima in the above-described distribution 
curve. Arbitrarily giving the genes the following potentiality 
for somatic expression, "A" 16 per cent., "B" 19 per cent., 
"a" 1 per cent., "b" 2 per cent, (which is not far from the 
the facts of the case), the somatic frequencies and black skin- 
color percentages would run as follows: One 70 per cent., two 
54 per cent., one 36 per cent., two 55 per cent., four 38 per cent., 
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Case 

XT 



Ft Femtx/e Gamut* 




AABJt- AA-e-e- 



AO.BB 

[poforJess\ 

ao.es- 



XJtAB xka* xxob rx.-ica.e- 



[Co/orkA [Co/or/es& 

AUBB AO.BS- 



ACLB-e- 



Aae-e- 



(Co/oMiJl ( Whits ] i Whits 




(wMe\ [WhiU\ Kobrksk 

acls-g- a a Be- aa-e-g- 



Fz Zygotes: PheTtatypic Ratio xo:e 



Illustrative Experiment :- 

Substratum x.k" Mfater' CCofeiVeca^. 
Gene >J= Dilute H CI *■ phenolahtlMltiin to match "Ge/«; B"(IV/*i£G). 
Gone B = Co. CO a in alcohol (Whitr.). 



two 21 per cent., one 40 per cent., two 23 per cent., and one 6 
per cent., in a total of 16 individuals. 

But practically 5 instead of 9 somatic types were actually 
found because gene "A" and gene "B" are so nearly equal in 
value that it is not possible in a given individual, simply by 
measuring the skin-color pigment, to determine whether gene 
"A" or gene "B" is responsible for the quantity of melanin 
possessed. Thus in the 5 classes the two 54 per cent, cases 
(AABb) and the two 55 per cent, cases (AaBB) constitute the 
three quarters blacks or "sambos," the two 21 per cent. (Aabb) 
cases and the two 23 per cent. (aaBb) cases constitute the one 
quarter blacks or "quadroons," while the one 36 per cent. 
' AAbb) case and the one 40 per cent. (aaBB) case are so nearly 
like the four 38 per cent. {%. e., the "mulatto" AaBb) that they 
constitute a single class of six individuals. Hence the contracted 
ratio 1 : 4 : 6 : 4 :1. 
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Case 



Fx Fema/e Gctmet&s 





XXAB 


XXA« 


XXCLB 


xx.€xe- 


< 

* 
X 


/■"""X 


S~^ 


/— -n 


s — X 


(/?«/) 


\ HSd ) 


(*") 


( fled | 


\ZJ 


\ZJ 


v_y 


v_y 


5 

X 


AABB 


AAB4- 


AaBB 


Aa.Be- 


(xJ) 


iC) 


(AW ] 


\ *?«<* I 


K 


v_y 


V_7 


vy 


w 




AAB# 


AA«« 


aob« 


AQ.4-e- 


85 

8 


/-"-\ 


^~N 


^~^, 


^^^ 


("*") 


( fferf ) 


(y»ihw 1 


Lvfc/Awj 


X 


v_y 


v_y 


v_y 


v_y 




AaBB 


AOB« 


oaBB 


aas# 


<4 


/~ X 


/^~~N 


^^N 


,-"— \ 


v~) 


V'"J 


Lye/Wl 


(Co/o^/ess) 




v / 


U.O.B&- 


v_y 

aav-e- 



Fg Zyjgptes : Phenol/pic Ratio l&a-.i 



///ustrative Experiment:- 

Gene tf* ^jttitoas solution of /%> C/ 3 -*■ /fYmes (Hed), 
Gene B= ^yaeous sotuXiort of Fe C/ s (JfeUewJ. 



As Davenport clearly points ont in the matter of black skin- 
pigment, each, gene finds its definite somatic expression regard- 
less of the presence of other genes. Since the two genes work 
out into the same somatic trait {%. e., are duplicate genes) which 
somatic expressions differ only in quantity, they might well be 
be called cumulative genes. The accompanying diagram (Ex- 
periment Illustrative of Black Skin-Pigment Inheritance) gives 
specific directions for running this experiment in a manner very 
closely paralleling what Davenport found in nature. 

This experiment illustrates only one case in a long possible 
series of modifications of the foundation F, di-hybrid phenotypic 
blending ratio 1 : 2 : 1 : 2 : 4 : 2 : 1 : 2 :1. 

C. Other F 2 Di-Hybrid Series 
In a case in which gene "A" does not blend with its allelomor- 
ph] c mate "a" in the F t soma, but presents a typical case of 
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Case 
~srm 



B 
< 

H 

Us 

(9 

en 
I 



^■f Female Gametes 



X3CAB 



xxjk-e- 



xxas 



xx-OL-e- 









(~) 





AABB 


AAB& 


ACLBB 


AQ.BS- 


Q 











AAB-*. 


4A«-* 


AO.Be- 


AGLS-8- 


Q 





(c<»We.d 


( Co/fewfcss) 


AdMJB 


AO.B4- 


aaBB 


aajB# 


( /f< " / ) 





[Cbfer/ess] 


[Co/of/ess\ 


Atxn& 


Act&e- 


aa&4- 


act&e- 



F& Zygotes ; Phenotypic JRatio lszi' 



///ustrattire Experiment:— 

£i*&s£ratam XX = Water (Co/or/css) . 

Gene #= ni/wu,. solvtim of fs^ c/ 3 «»*>«/ lltmu* (ft^d), 
GemtJ3= DituX* H CI (Clwlvss). 



Menclelian dominance, while gene "B" blends with its mate 
"b" in the F 1 soma, the di-hybrid F 2 ratio resulting from com- 
bining two such trait-pairs is found by multiplying the F 2 mono- 
hybrid dominant relation 3 -f- 1 by the F 2 mono-hybrid blending 
relation 1 -J— 2 -f- 1, giving when expressed as a ratio the somatic 
F, di-hybrid relation 3:6:3:1:2:1. Among other special eases 
to be considered are those involving crossing-over, non-disjunc- 
tion and sex-limited inheritance. 

When the genie and somatic specifications of a ratio are 
known it is not difficult to contrive a chemical parallel for it. 
The use of such experiments consists not only in clarifying the 
conception of the particular situation at band, but also in pro- 
viding in the laboratory a nearer approach than is usually used 
for demonstration to what is actually happening in heredity. The 
chemical analogy between what happens in the zygote-holding test- 
tube and what actually happens in the somatic working out of the 
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Case 



Fj FemoJe Gametes 







acxccs 



xxa* 



( B/W ) 


( Blue \ 


(b/u* ) 


(Slum \ 


AABfl 


aabh- 


AOBB 


Attfi# 


1 i3/u« ) 


( Blue \ 


(a&. ) 


P) 


AAS« 


AA#* 


ACt.Be- 


A0.4-& 


( -S/*., J 


[Blue \ 


( /?«</ j 





AOSB 


AUBe- 


aass 


OOB* 


(^S/«e J 


[Blue j 


( /ferf ) 


(s/u« j 


V_y 


V_y 


v_y 


W 


AO.&8. 


nas-e- 


aa.Be- 


aa&& 



Fz, Zygotes : Phenqtypir. Ratio xs--s 



ItlusCrative Experiment:- . 

^tnl,--t ••itCum :t* - /bu^iuii solution of HUH * litmus (equivalent Volume for volume 
to /..:;■: £l,<i*,J4 "G.:n* A") (Sluef. 
(rt?r>& /fr= Solution of N H 4 OH (equivalent volume fur Volume to £ times 
^ "Gen. ,B" (Blue). * 

Ge7Kfl= Dilute H CI ■* Iftmu-S <*/?«?«/>. / 



segregable genes in the members of the F 2 ratios is doubtless 
much closer than any completely mechanical contrivance can 
show. In the experiments the blending quite properly is shown 
complete in the zygote and soma, but if the analogy were carried 
still further one should be able to dip into the gamete-holding 
test-tubes and there find that some of the original F x genes remain 
unchanged — the unchanged germ-plasm which is left behind — and 
to lift out well-defined gametes with "A" or "a" and "B" or 
"b" variously combined, according to the constituent genes of 
the zygote, for in the living germ-cell cycle, not the blending of 
the soma, but clean-cut segregation is the rule. Representing 
the gametes by capsules containing genes in solid form, which 
capsules and genes would be slowly soluble in the substratum of 
the zygote, would drive the analogy a little closer to nature. 
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Case 
x 



Fg Fern*x/<e Gametes 



o 



XXA« 



•yc.-x.aa 



xxa-e- 



( R "' ) 


R 


( /ferf J 


R 


AASB 


AAB6- 


AaB£ 


Aaflfr 





( Had \ 


( ^erf J 


( «erf ) 


AAB4- 


AAS-e- 


AO.IS& 


Aa^* 


Q 








( /?erf ) 


AflflS 


AO.B&- 


actBB 


aa.Be- 











( Blue \ 


ACXB^ 


ACL6--&- 


acts*- 


aa.e-e- 



Fz Zyfgotes:Pheno£fpic Ratio is?*. 



///ustrative Experiment:- 

Substratum KXK ^«eoiu solution of litmus (Slue). 
Cew ig* Dilute MCI (Colorless). 
Gene B = JDilute Hz SO* (Colossus). 
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THE FACTORS FOR YELLOW IN MICE AND NOTCH IN 

DROSOPHILA 

In a recent number of The American Naturalist 1 appeared a 
paper by Ibsen and Steigleder on "Evidence for the Death in 
Utero of the Homozygous Yellow Mouse." In summing up (p. 
751), after stating that "our evidence tends to confirm the con- 
clusion of Castle and Little that in mice homozygous yellow zy- 
gotes are produced in the yellow X yellow mating, but that these 

i Vol. LI, No. 612, December, 1917, pp. 740-752. 



